† The onset time is around 20 min by using heat, with less pain compared with subcutaneous injection.
Background. Arterial catheterization is painful and is associated with patient stress and anxiety. Analgesia is usually provided by subcutaneous injection of local anaesthetic. An alternative is topical anaesthesia, such as Rapydan which is a novel topical anaesthetic patch containing 70 mg each of lidocaine and tetracaine. We therefore tested the hypothesis that Rapydan patch analgesia is non-inferior to subcutaneous local anaesthetic.
Methods. Ninety patients undergoing elective major cardiac surgery were included in this prospective, double-blind clinical trial. Patients were randomly assigned to receive either a lidocaine/tetracaine patch, followed by subcutaneous injection 0.5 ml of normal saline solution, or placebo patch with subsequent subcutaneous injection of 0.5 ml of lidocaine 1%. Pain during arterial catheterization using 100-mm-long visual analogue scale (VAS) was the primary outcome. Other outcomes were pain during anaesthetic/saline injection and plasma tetracaine concentrations.
Results. VAS pain scores during arterial puncture were comparable in both groups and Rapydan was non-inferior to subcutaneous lidocaine. Pain scores at the time of subcutaneous injection were significantly lower (better) in patients assigned to the lidocaine/tetracaine patch than to lidocaine (P¼0.001). Plasma tetracaine concentrations never exceeded the detection limit of 25 ng ml 21 at any time in any patient.
Conclusions. Both the lidocaine/tetracaine patch and subcutaneous injection of lidocaine provided comparable pain control during arterial catheter insertion. Subcutaneous lidocaine caused discomfort during injection, whereas the lidocaine/tetracaine patch required placement 20 min before the procedure. Given adequate time, the patch provided better overall analgesia by obviating the need for subcutaneous infiltration.
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Many clinical procedures including arterial and venous punctures, percutaneous venous catheter insertion, lumbar puncture, and dermatological procedures are associated with pain and consequent patient discomfort. 1 2 With the exception of venopuncture, arterial puncture is the most common invasive procedure performed on critically ill patients. Arterial catheterization is also often necessary before the induction of anaesthesia for invasive measurements of arterial pressure and collection of arterial blood samples in patients undergoing major cardiac surgery. 3 Arterial puncture before induction of anaesthesia produces considerable pain. Furthermore, critical care patients describe the pain of arterial access as being worse than other types of pain. 1 4 This procedural pain and the associated stress and anxiety are thus a substantial clinical concern. 5 The pain of arterial puncture is usually ameliorated by injection of local anaesthetics. 1 6 7 However, local anaesthetic injection per se is painful. Injection of local anaesthetics causes intradermal turgor and can trigger local vasoconstriction, both of which reduce the puncture success rate.
An alternative approach is to use topical anaesthesia for percutaneous procedures. 10 However, intact skin presents a significant barrier to topical anaesthetic preparations. Therefore, topical anaesthetic preparations typically must be applied under occlusive dressings for 45-60 min before vascular access 11 12 -which is often longer than is clinically practical. Rapydan (also known as Synera in the USA) is a novel topical anaesthetic patch that contains 70 mg each of lidocaine and tetracaine. The central area of each Rapydan patch consists of a Controlled Heat Assisted Drug Delivery pod which is designed to warm the skin to 26-348C, theoretically enhancing drug absorption and allowing application just 20 min before percutaneous procedures. 13 Topical anaesthesia with a lidocaine/tetracaine patch reduces the pain of venous access. 11 13 14 However, the efficacy of Rapydan topical analgesia has yet to be quantified for the more intense pain resulting from arterial puncture. We thus compared routine analgesia (subcutaneous injection with 0.5 ml of 1% lidocaine) with heated lidocaine/tetracaine patches. Specifically, we tested the hypothesis that lidocaine/tetracaine patch analgesia is non-inferior to that provided by subcutaneous lidocaine injection for insertion of arterial catheters.
Methods

Patients
This double-blind, randomized trial was approved by the local Ethics Committee (Medical University Vienna) and performed in accordance with the Declaration of Helsinki and the Good Clinical Practice Guidelines of the European Commission. This study was registered at www.clinicaltrials.gov (identifier: NCT01494311). With written consent, 90 patients 18-90 yr old having elective valve replacement or coronary artery bypass grafting requiring arterial access before induction of anaesthesia were included (Fig. 1 ). All were enrolled at the University of Vienna. Exclusion criteria were as follows: analgesic use within 24 h before surgery, injury or infection at the planned puncture site, known allergy to local anaesthetics, drug abuse, alcoholism or psychiatric disorders, childbearing potential without adequate birth control, or an abnormal Allen's test. 15 
Protocol
Shortly before arterial catheter insertion, patients were randomized into one of two treatment groups (45 patients each): (i) heated lidocaine/tetracaine patch (Rapydan) and saline subcutaneous injection; or (ii) identical-appearing unheated placebo patch and subcutaneous injection of 1% lidocaine.
Randomization (1:1) was based on computer-generated codes using ARandomizer Software (https://www.muw.ac.at/ randomizer/web/login.php) and were kept in sequentially numbered opaque envelopes that were opened just before use. An independent researcher who was not involved in data collection performed the randomization and placed an active or placebo patch on each patient's wrist in the region of maximum radial artery pulsation.
After 20 min, the patches were removed. Immediately thereafter, another investigator, blinded to the study randomization, evaluated the treatment sites for skin reactions including oedema and erythema using a five-point Likert scale (1, none; 5, vigorous). The blinded investigator then injected 0.5 ml of the study solution (saline or 1% lidocaine). Three minutes after injection, an attempt was made to cannulate the radial artery with a 20 G catheter (Becton Dickinson Critical Care System, Singapore). The investigator was permitted to give a rescue injection of lidocaine 1% (0.5 ml) if analgesia proved inadequate.
Thereafter, general anaesthesia was induced and cardiac surgery performed per our clinical routine. 
Clinical measurements
All measurements were conducted by investigators blinded to randomization and type of cutaneous analgesia used. After finishing the puncture procedure, patients were asked to rate their worst pain during subcutaneous injection, during insertion of the arterial cannula, and 1 min after catheter insertion using a 100-mm-long visual analogue scale (VAS). 2 14 The use of a VAS to measure pain and discomfort has been validated in several settings of chronic pain, 16 -18 acute postoperative pain, 19 and acute non-surgical pain. 20 Patients also subjectively rated their procedure-related satisfaction on a four-point scale: 0, unsatisfied; 1, moderately satisfied; 2, satisfied; and 3, very satisfied. 11 Investigators who were unaware of the randomization estimated each patient's pain intensity at the time of catheter insertion on a four-point scale with 0 indicating no pain and 3 indicating severe pain. 2 The number of puncture attempts were documented and difficulty of the puncture was assessed using a five-point scale with 1 being insertion at first attempt through 5 which indicated failure to insert the catheter. Blood for the measurement of plasma tetracaine concentrations sampled: (i) before patch application; (ii) 15 min after patch application; (iii) immediately after successful arterial puncture; (iv) 30 min after patch application; and (v) 60 min after patch application. Blood samples were kept on ice for a maximum of 30 min and were centrifuged at 48C and 800 g for 10 min, cells were discharged, and plasma was obtained. Plasma samples and dialysate samples were frozen at 2208C and thereafter stored at 2808C until analysis. Only blood samples from patients assigned to the tetracaine/lidocaine patch were analysed.
The primary efficacy endpoint was patients' VAS scores during arterial puncture, presumably indicating the greatest pain score associated with the procedure. VAS scores during subcutaneous injection and 1 min after arterial catheter insertion served as secondary endpoints. Additional secondary endpoints included patient satisfaction, investigator's evaluation of pain during catheter insertion, difficulty of puncture, the number of puncture attempts, and the incidence of oedema and erythema at the patch site.
Determination of plasma tetracaine concentrations
The concentration of tetracaine in plasma was determined by high-performance liquid chromatography. Briefly, after the addition of 500 ml of methanol to 250 ml of plasma, the samples were centrifuged (5000g for 5 min at 48C); 100 ml of the supernatant was injected onto the chromatography column. A Merck 'La Chrom' system (Merck, Darmstadt, Germany) was used, equipped with an L-7250 injector, an L-7100 pump, an L-7300 column oven (set at 358C), a D-7000 interface, and an L-7400 UV detector at 290 nm.
Tetracaine was separated with a Hypersil BDS-C18 column (5 mm, 250×4.6 mm ID, Astmoor, UK) preceded by a Hypersil BDS-C18 pre-column (5 mm, 10×4.6 mm ID) at a flow rate of 1 ml min 21 . The mobile phase A consisted of potassium phosphate (50 mM, pH 3.0, with phosphoric acid) and heptanesulfonic acid (5 mM) and the mobile phase B consisted of methanol. The mobile phase was filtered through a 0.45 mM filter (HVLP04700, Millipore, Vienna, Austria). The gradient ranged from 10 (0 min) to 70% at 19 and 20 min and then decreased linearly to 10% at 21 min. The columns were allowed to re-equilibrate for 14 min between runs. Linear calibration curves were performed from the peak areas of tetracaine to the external standard by spiking drugfree human plasma with standard solutions of tetracaine hydrochloride (Sigma, Munich, Germany) at final concentrations ranging from 0.01 to 10 ml ml 21 . The lower limit of quantification for tetracaine in plasma was 25 ng ml 21 .
Intra-day values for tetracaine ranged from 3.7 to 8.2% and inter-day values ranged from 4.2 to 9.5% using ranitidine in concentrations of 0.1, 0.5, 1 and 10 mg ml 21 .
Statistical and pharmacokinetic analyses
The lidocaine/tetracaine patch and lidocaine groups were compared for balance on patient characteristics and baseline characteristics using standard summary statistics and the standardized difference (STD) defined as the difference in means or proportions divided by the pooled standard deviation. We pre-specified a criterion of .0.30 in absolute STD as an indication of imbalance.
In our primary analysis, the lidocaine/tetracaine patch was assessed for non-inferiority to lidocaine on the VAS pain score during arterial puncture at the 0.05 significance level using a prior-specified non-inferiority delta of 10 (on the 100-mm-long scale). Non-inferiority was claimed if the upper limit of the 90% two-sided (corresponds to a 95% onesided) confidence interval for the difference in means (lidocaine/tetracaine patch minus lidocaine) was ,10. The mean difference in the VAS pain score during puncture was evaluated by analysis of covariance adjusting for the VAS pain score before puncture.
We assessed the effect of the lidocaine/tetracaine patch on pain reduction before and after arterial procedure using the Wilcoxon rank-sum test and analysis of covariance on rank data (adjusting for VAS before procedure), respectively. Also, we evaluated the effect of the lidocaine/tetracaine patch on ordinal secondary outcomes including patients' satisfaction, investigators' evaluation of pain, difficulty of arterial puncture, the number of puncture attempts, and erythemaeach using a generalized estimating equation with cumulative logit link, which gives the estimated odds ratio of rating a higher ordered value. All the tests were two-tailed. A Bonferroni correction was used to adjust for multiple comparisons; P,0.007 was considered statistically significant (i.e. 0.05/7).
No previous trial reports the effect of the lidocaine/tetracaine patch on the reduction in pain during arterial access. As no reliable information concerning the standard deviation of the VAS measurement was available, we used halfsampling. According to our previous experience in the operative setting with the standard practice for local anaesthesia, we assumed a standard deviation of 18 of the VAS measurement during the puncture procedure. With 41 patients per group, we had 80% power at the 0.05 significance level to detect non-inferiority of the lidocaine/tetracaine patch on the VAS pain score during arterial puncture using a non-inferiority delta of 10 and one-sided test. Thus, a sample size of 45 patients per group allowing for 10% dropout was selected to ensure an adequately powered study.
SAS software version 9.3 for Windows (SAS Institute, Cary, NC, USA) was used for analyses.
Results
A total of 90 patients (45 patients in each group) were enrolled between March and June 2011. All patients were included in the analysis. Baseline characteristics were well balanced between the two randomized groups (absolute STD ,0.30; Table 1 ).
The VAS pain score during arterial puncture was 26 (16) mm in the lidocaine/tetracaine patch group and 29 (22) mm in the lidocaine group, respectively (Fig. 2) , with a mean difference of {0.3 [90% confidence interval (CI): 26.9, 7.5], lidocaine/ tetracaine patch2lidocaine} after adjusting for the VAS score before puncture. The lidocaine/tetracaine patch was noninferior to lidocaine on the VAS pain score during puncture, since the upper limit of the confidence interval for the mean difference (7.5) was below the non-inferior criterion of 10.
Results of secondary outcomes are summarized in Table 2 Neither the patients' pain evaluation (P¼0.07) nor the investigators' pain evaluation (P¼0.02) differed significantly in the two randomized groups. The corresponding odds ratios (99.3% CI) of selecting a higher ordered value in patient's evaluation (more satisfied) and in investigator's evaluation (more severe pain) were 1.70 (0.77, 3.75) and 0.57 (0.29, 1.11) (lidocaine/tetracaine patch vs lidocaine), respectively. Furthermore, no group differences were found in any other secondary outcomes, including puncture difficulty (P¼0.94), puncture attempts (P¼0.93), or erythema (P¼0.80).
Plasma tetracaine concentrations never exceeded the detection limit of 25 ng ml 21 at any time in any patient. No adverse events or clinical complications related to the tetracaine/lidocaine or placebo patches were observed. Oedema was never observed in either group. In three patients (6.7%) in the tetracaine/lidocaine patch group and two patients (4.4%) in the lidocaine group, mild-to-moderate erythema at the puncture site was observed.
Discussion
Topical anaesthesia with the lidocaine/tetracaine patch has been shown to reduce the pain of venopuncture. 2 12 However, arterial catheter insertion is considerably more painful, and thus associated with greater patient stress and anxiety. Subcutaneous infiltration of local anaesthetic remains the most common analgesic approach. One result of our study, though, is that injection of local anaesthetic per se causes considerable pain. Topical analgesia is an attractive alternative to subcutaneous infiltration which itself is painful. 12 However, intact skin presents a significant barrier to topical anaesthetic absorption. The current topical anaesthetic preparations must therefore be applied at least 45 min before vascular access to provide adequate analgesia. 21 For example, the recommended application time for EMLA, a widely used eutectic mixture of 2.5% lidocaine and 2.5% prilocaine, is 60 min.
21
The lidocaine/tetracaine patch differs from previous formulations both in the anaesthetic mixture and-more importantly-in being actively heated. Topical heating increases regional blood flow which presumably enhances local transcutaneous absorption of the local anaesthetic. Consistent with this theory, the tetracaine/lidocaine patch and subcutaneous lidocaine infiltration provided comparable analgesia for arterial catheter insertion. Our results are also consistent with those of Curry and Finkel 13 who reported sufficient analgesia for peripheral venous access after a 20 min patch application. A reduction in application time from 45 min or more to just 20 min is substantial and likely to enhance the product's clinical utility. Several clinical studies reported mild side-effects in the use of the lidocaine/tetracaine patch including mild erythema, oedema, blanching, and burning sensations. 22 23 However, the only cutaneous complication we observed with mild erythema and the incidence was comparable in the lidocaine/tetracaine patch and placebo groups. However, our study is far too small to evaluate any but the most common complications. Additional clinical experience will thus be necessary to confirm that the system is safe.
A rare, but serious complication in the use of anaesthetic patches, such as EMLA, is the systemic adsorption of anaesthetic agents including prilocaine which can cause Table 2 Effect of lidocaine/tetracaine patch (Rapydan) on secondary outcomes (n¼90). *The confidence intervals and the P-values were adjusted for multiple comparisons by the Bonferroni correction. The significance criterion was 0.007 (i.e. 0.05/7). † Proportional odds logistic regression, unless specified. ‡ Wilcoxon's rank-sum test.
} Statistically significant. § Analysis of covariance on ranks adjusting for the VAS score before arterial puncture.
|| Odds ratio of rating a lower ordered value for the Rapydan group vs the lidocaine group. methemoglobinaemia. 21 The tetracaine/lidocaine patch consists of lidocaine and tetracaine, 70 mg each. Even rapid i.v. injection of 70 mg of lidocaine would not cause systemic toxicity or increase plasma lidocaine to concentrations near 1 mg ml 21 that are associated with agitation, central nervous system depression, or both. 10 Systemic absorption of tetracaine thus seems to be the only potential systemic toxicity that might be expected from patch use. Tetracaine plasma concentrations never even exceed the 25 ng ml 21 detection threshold in our patients and thus remained well below the toxic threshold which is 200 ng ml 21 . 24 Our results are consistent with several studies in adults and children which revealed that the plasma concentrations of lidocaine and tetracaine were well below the toxic levels; furthermore, no systemic toxic effects have been reported from the use of lidocaine/tetracaine patches. 10 Our results, combined with previous reports, strongly suggest that the appropriate use of heated lidocaine/tetracaine patches is extremely unlikely to provoke systemic toxicity.
The design of this study attempted to ensure that the investigator and patients remained blinded to randomization. One aspect of the tetracaine/lidocaine patch-the associated heat-may have led to partial unblinding of the patients, although they were not told to expect local warming. Subject-reported visual analogue pain scores were in fact similar in patients with active patches and subcutaneous lidocaine, suggesting no bias towards the novel treatment.
In summary, both the tetracaine/lidocaine patch (Rapydan) and subcutaneous injection of lidocaine provided comparable pain control during arterial catheter insertion. Subcutaneous lidocaine caused discomfort during injection, whereas the tetracaine/lidocaine patch requires placement 20 min before the procedure. Given adequate time, the patch provides better overall analgesia by obviating the need for subcutaneous infiltration.
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